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13. (Twice Amended) An electro-optical device, comprising: 
an electro-optical element; and 

the semiconductor device according to Cl^im 7, the electro-optical element 
the semiconductor device being used as at least one electronic circuit selected from the 
group consisting of shift registers, level shifters, buffer circuits, and analog switches. 

14. (Twice Amended) The electro-optical device according to Claim 12, the 
electro-optical element being an organic electroluminescence element, 

15. (Twice Amended) An electronic apparatus, comprising: 

/ 

the electro-optical device according to Claim 12, the electro-optical device 



being used as a display. 



aevic 
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REMARKS 

Claims 1-15 are amended. By this Supplemental Preliminary Amendment, the 
specification and Abstract are replaced with a Substitute Specification and Substitute 
Abstract, and claims 1-15 are amended. Figure 9 is amended by the attached Request for 
Approval of Drawing Correction. 

The attached Appendix includes marked-up copies of the specification 
(37 C.F.R. §1. 125(b)(2)) and each rewritten claim (37 C.F.R. §1.121(c)(l)(ii)). 
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pplication No. 10/058,116 
ABSTRACT 

In accordance with the invention, the width of a gate electrode is smaller than the 
width of the semiconductor film. A sub gate electrode connected to the gate electrode is 
disposed, at the gate electrode side of the semiconductor film, away from the semiconductor 
film more than gate electrode. The width of the sub gate electrodes is larger than the width of 
the semiconductor film. Ends of the semiconductor film have regions formed of an intrinsic 
semiconductor which is not doped with dopant. In a semiconductor device, this structure is 
suitable to reduce degradation over time which is caused by an increase of the electric field 
strength or the carrier concentration at the ends of the semiconductor film. 
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APPENDIX 
Changes to Abstract: 

The following is a marked-up version of the amended Abstract: 

The- In accordance with the invention, the width of a gate electrode is smaller than that 
the width of the semiconductor film. A sub gate electrode connected to the gate electrode is 
disposed, at the gate electrode side of the semiconductor film, away from the semiconductor 
film more than gate electrode. The width of the sub gate electrodes is larger than thaHhe 
width of the semiconductor film. Ends of the semiconductor film have regions formed of an 
intrinsic semiconductor which is not doped with dopant. In a semiconductor device, this 
structure is suitable to reduce degradation over time which is du e to caused by an increase of 
the electric field strength or the carrier concentration at the ends of the semiconductor film. 
Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(1^2). 



o 

Changes to Claims: o c- pi 

The following are marked-up versions of the amended claims: CD 

1 . (Amended) A semiconductor device A comprising! f£ §| O 

-a semiconductor film T ;- § 

o 

a gate insulating film formed on at least part of the semiconductor film T ; and- 

a gate electrode formed on the gate insulating film,_ 

wh e r e in the gate electrode do e s not eever -covering any end of the 



semiconductor film. 

2. (Amended) A semiconductor device^ comprising! 

-a semiconductor film having a source region and a drain region r ; 

a gate insulating film formed on at least part of the semiconductor film T ; and- 

a gate electrode formed on the gate insulating film,_a_ 
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—. wherein th e width of the gate electrode is-bemg_smaller than that- a width of 



the semiconductor film. 

3. ( Twice Amended) A- The semiconductor device according to Claim 1, 
further comprising a sub gate electrode connected to the gate electrode. 

4. (Amended) A ^The semiconductor device according to Claim 3, 
wh e rein the sub gate electrode is -being disposed on the gate electrode. 

5. ( Twice Amended) A- The semiconductor device according to Claim 3, 
wh e rein the sub gate electrode is -being disposed so as to cover at least one 

ends of the semiconductor film. 

6. (Amended) A semiconductor device^ comprisingi- 

a semiconductor film 7 including ends that include regions formed of an 

intrinsic semiconductor which is not doped with dopant; 

a gate insulating film formed on at least part of the semiconductor film ? ; and 

-a gate electrode formed on the gate insulating film ? 

: wh e r e in e nds of th e semiconductor film comprise regions formed of-an- 

intrinsic s e miconductor which is not dop e d with dopant . 

7. (Amended) A semiconductor device^ comprisingi- 
a semiconductor film T ;- 

a gate insulating film formed on at least part of the semiconductor film 7 ; and- 

a gate electrode formed on the gate insulating film,_ 

wherein the semiconductor film comprises including a region formed of an 

intrinsic semiconductor which is not doped with dopant, the region extending past the gate 
electrode. 

8. (Amended) A semiconductor device A comprisingi- 
a semiconductor film having a source region and a drain region 7 ;- 
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) a gate insulating film formed on at least part of the semiconductor film ? ; and- 



_a gate electrode formed on the gate insulating film,_ 



wh e r e in the semiconductor film compris e s including a region formed of an 



intrinsic semiconductor which is not doped with dopant, the region extending toward at least 
one of the source region er-and the drain region from the gate electrode. 

9. (Amended) A semiconductor device^ comprisingi- 

a semiconductor film having a source region and a drain region, the 

semiconductor film including a plurality of regions formed of an intrinsic semiconductor 
which is not doped with dopant; 

a gate insulating film formed on at least part of the semiconductor film 7 ; and- 

a gate electrode formed on the gate insulating film ?; and 

wher e in th e s e miconductor film compris e s a plurality of r e gions form e d of an 
intrinsic semiconductor which is not dop e d with dopant, the regions extending toward at least 
one of the source region er -and the drain regio n from the gate electrode . 

10. ( Twice Amended) A ^The semiconductor device according to Claim 1, 
wh e r e in the semiconductor film is -being formed on an insulating layer. 

1 1 . ( Twice A mended) A circuit boards comprising-; 
a rthe semiconductor device according to Claim 1; and- 

wires for supplying that supply at least one of signals e^and electric power to 

the semiconductor device. 

12. (Amended) An electro-optical device^ comprising-! 

a -the circuit board according to Claim 11^ 

-a first electrode formed above the circuit boards and- 

an electro-optical element formed above the first electrode. 
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13. (Twice Amended) An electro-optical device^ comprisingi- 
an electro-optical element; and- 

a -the semiconductor device according to Claim 7, the electro-optical element 

and the semiconductor device being used as at least one electronic circuit selected from the 
group consisting of shift registers, level shifters, buffer circuits, and analog switches. 

14. (Twice Amended) An -The electro-optical device according to Claim 12, 
wh e r e in the electro-optical element is -being an organic electroluminescence element. 

15. ( Twice Amended) An electronic apparatus^ comprising-i 



an-the electro-optical device according to Claim 12, the electro-optical device 



being used as a display. 




^ < SEMICONDUCTOR DEVICE, CIRCUIT BOARD, ELECTRO-OPTICAL DEVICE, AND V> 



ELECTRONIC APPARATUS 
Field of the Invention 



The present invention relates to semiconductor devices, and more 

particularly to a semiconductor device, an electro-optical device, and 

an electronic apparatus in which degradation in performance over time 
r*J^u*^4 /wO*^; u«JL or- 

can be^prevented. 

Fig. 1 showj( a thin-film transistor as an example of a conventional 
semiconductor device. Fig. 1(a) is a plan view of a conventional 
polycrystalline-silicon thin-film transistor, Fig. 1(b) is a sectional 
view taken along LIil faaa b-b in the plan viewf and Fig. 1(c) is a 
sectional view taken along ft ha 1<fng* c-c in the plan view/ As shown" in 
Fig. IS the polycrystalline-silicon thin-film transistor generally has a 
top gate structure *][ Liquid Crystal Display Technology written and edited 
by Shoichi Matsumoto, published by Sangyo ToshoV. 

Fig. 2f show^ a manufacturing process of a typical polycrystalline- 
silicon thin-film transistor. First, an amorphous silicon layer is 
formed on a glass substrate 51 by PECVD using SiH< or LPCVD using Si 2 H 6 , 
as shown in Fig. 2(a). The amorphous silicon layer is recrystallized by 
radiating with, for example, an excimer laser or by solid-phase growth 
to form a polycrystalline silicon layer 52. Next, as shown in Fig. 
2(b), the polycrystalline silicon layer 52 is patterned so as to have an 
island shape, and then is provided with a gate insulating film 53 
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thereon. Subsequently, a gate electrode 54 is formed by deposition and 
patterning. Next, as shown in Fig. 2(c), a dopant, such as phosphorous 
or boron, is implanted into the polycrystalline silicon layer 52 by 
self-aligning using the gate electrode 54. Subsequently, the 
polycrystalline silicon layer 52 is activated, and thus source/drain 
regions 55^which have a CMOS structure are formed. Following the 
formatiorr of an interlayer insulating film 56 and a contact hole, 
source/drain electrodes 57~^are formed by deposition and patterning. 

Mr r ^f^F^v-^ | semiconjduetor devices^uch as MOS eleme nt^ T^ve had a 



problem in that their performance deteriorates over time while the 
devices are operated for a long time. It is thought that this 
degradation over time is caused by an electric field concentrated at, 
for example, ends of a semiconductor film serving as an active laye^^r 
at an interface between the semiconductor film and an insulating layer. 
The degradation over time arising from this cause is significant in some 
semiconductor devices, such as thin-film transistors, which include a 
thin semiconductor film serving as an active layer on the insulating 
layer . 

In the thin-film transistor, since an electric field is 
concentrated at the ends of the semiconductor film, the electric field 
strength increases. In addition, since the thickness of the 
semiconductor film is small, the carrier concentration is liable to 



increase . 

Fig. 3 /show\£ results of distribution analyses, by device 
simulation, of the electric field strength and the carrier concentration 
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of the polycrystalline silicon thin-film transistors. The electric 
field strength distribution in Fig. 3(a) shows that a substantially 
central area of the semiconductor film had an electric field strength of 
4.5 x 10 5 V/cra^and that a far end of the semiconductor film had a high 
electric field strength of 6.6 x 10 s V/cm. Also, Fig. 3(b) shows that 
the substantially central area of the semiconductor film had a carrier 
concentration of 2.7 x 10 17 cnCL and that the far end of the semiconductor 
film had a carrier concentration of 1.6 x 10 20 cm" 3 . 

Accordingly, on obj%uL ul the present invention Jreduc^e^>ne 



electric field strength or the carrier concentration at ends of a 
semiconductor filmland thus' hfe. provided semiconductor device in which ~ijL4$~ 
degradation in performance of the device over time can be/prevented. * 



A first semiconductor device of the present invention c oiupi i a 
semiconductor film, a gate insulating film formed on at least part of 
the semiconductor film, and a gate electrode formed on the gate 



insulating film. The gate electrode., does not cover any-end of the 
semiconductor film. In this '• ojpaei£iuuCiUfi / the ends_of the 



semiconductor film may be the areas/wlTfere the semiconductor film is in 

Elements . 



contact with a field insulator^J^^^epa sacXjJ*^'^^) 

A second semiconductor device of the present invent! or{^ CT«np l ' £oq z 
semiconductor film having a source region and a drain region, a gate 
insulating film formed on at least part of the semiconductor film, and a 
gate electrode formed on the a-ate insulating The width of the 

gate electrode is smaller trtan *i*a^oft^---s^miconcluctor film. The 
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widths of the semiconductor iilm and the gate "electrode are defined as 
the lengths thereof i] 



)nauctor tiim ana trie gate eiectroae are aerinea as 
inf tjre directi'onf perpencli j cular to/^e direction in 



which a current flows between the source region and the drain region. 
Hence, the semiconductor device has an external structure in which the 
semiconductor film extends past the gate electrode. 

In the first and second semiconductor devices of the present 
invention, since the gate electrode does not overlie the ends of the. 
semiconductor film, any electric concentration at the ends of the 
semiconductor film, which is one of the causes of degradation over time, 
can be/prevented. These semiconductor devices, therefore, can maintain 
the original performance for a long time. 

A third "'serfti conduct or device of j ~trhe present invention further 
aompi ' ii4n » c a sub gate elect-r ode /connected to the gate electrode in a 



semiconductor device described above . 

In a fourth semiconductor device of the present invention, the sub 
gate electrode is disposed on the gate electrode. 

Since the third and fourth semiconductor devices have the sub gate 
electrode, the carriers flowing in the semiconductor film can be 
precisely controlled. 

In a fifth semiconductor device of the present invention, the sub 
gate electrode of a semiconductor device described above is disposed so 
as to cover ends of the semiconductor film. In this semiconductor 
device, since carrier control at the ends of the semiconductor film is 
performed by the sub gate electrode, the semiconductor device has a 
structure in which the electric field strength or the carrier 
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concentration at the ends of the semiconductor film and the off-state 
current can be reduced at the same time. More preferably, the sub gate 
electrode not only covers the ends of the semiconductor film, but also 
extends past the semiconductor film. A 

A sixth semiconductor device of the present invent i^oj^^m^i 553— er"^ 
semiconductor film, a gate insulating film formed on at least part of 
the semiconductor film, and a gate electrode formed on the gate 4 v — 

insulating film. Ends of the semiconductor f ilm^ oompr ^^^ r.egrr5ns /formed" 
of an intrinsic semiconductor which is not doped with dopant. The 
regions formed of an intrinsic semiconductor at the ends of the 
semiconductor film of the semiconductor device /less) contribute ^to the 



transfer of carriers. Even if a high electric field strength or high 
carrier concentration is generated in the regions fformed^oT an intrinsic 



semiconductor, therefore, degradation in performance over time can be 
reduced. In this specification, "a region formed of an intrinsic 
semiconductor which is not doped with dopant" means a semiconductor 
region which is doped with a smaller amount of dopant JJ*an the other 

» & ) 

semiconductor region^-a^s well as a region whi<£h 4qs£ nojv^doped with any 
dopant 



& 



A seventh semiconductor device of the present invention Q omp^iGcac a 
semiconductor film, a gate insulating film formed on at least part of 
the semiconductor film, and a gate electrode formed on theXgate 



insulating film. The aemiconductor COTt P" 



i/a c b a...-region (^orme 



-s 

'formed of an 



intrinsic semiconductor which is not doped with dopant^^r)d the region 
extends past the gate electrode. This semiconductor device has a 
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structure in which deterioration caused by heating the semiconductor 
film when the device is driven/^r when electric power is applied to the 
devios^cpn be {prevented . If the semiconductor device is used as a 



4^ 

iconduc 




semiconductor device which is incorporated into, for example, shift 
registers, level shifters, buffer circuits, and analog switches, 
degradation of these circuits over time can be reduced. -^JLo^^) 

An eighth semiconductor device of the present invention (c^mp^ooc^^a 
semiconductor film having a source region and a drain region, a gate 
insulating film formed on at least part of the semiconductor film, and a 
gate electrode formed on the^gat^ insulating film. The semiconductor 
film ermprrm^e a region /forme d^of an intrinsic semiconductor which is 



not doped with dopant, **Cne region extending toward the source region or 

the drain region from the gate electrode. M examples of this & 

semiconductor device. tJwa^fjJjQ f^^^^^^g g h^WP i n P'ig" 3 nnri 9 nrr 

Cll«er. h These thin-film transistors have a structure in which heat 

generated in the semiconductor film can be efficiently released. If the 

thin-film transistors are used as a semiconductor device which is 

incorporated into circuits, such as shift registers, level shifters, 

buffer circuits, and analog switches, degradation of these circuits over 

time can be reduced. ^j^t&i 

A ninth semiconductor device of the present invention cOffipi i jl** a - 
semiconductor film having a source region and a drain region, a gate 
insulating film formed on at least part of the semiconductor film, and a 
gate elep-t-rode formed on the gate insulating film. The semiconductor 
film C4tmiy# ] fZu [ cf a plurality of regions formed of an intrinsic 
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semiconductor which is not doped with dopant^arad the regions extend 
toward the source region or the drain region. This semiconductor device 
has a structure in which a large current can be applied while inhibiting 
heat generation by the current . 

In a tenth semiconductor device of the present invention, the 
semiconductor film of a semiconductor device described above is formed 
on an insulating layer. Aj 1 LA^uplCTB uf Llm. L>UlUliuuiluiLui deuii<» > £hin- 
film transistors and SOI transistors are liL^Ui - In a thin-film ^A*-^, 
transistor, the insulating layer is separated by the ends of the 
semiconductor film. As a result, degradation in the performance of the 
device over time^which is due to a high electric field strength or 
carrier concentration at the ends of the semiconductor fills— ijs 
significant especially in the thin-film transistor. However, the 
semiconductor device according to the present invention can maintain its 



original performance for a long time. M 

A circuit board of the present invent ion^CTmpr i^cg^a.^semi conduct or 
device described above and wires ffw ^i^plyi^g^ignals or electric power 
to the semiconductor device. This circuit board is suitable for 



electro-optical devices, such as liquid crystal devices and 
electroluminescence devices. * 

A first electro-optical device of the present invention jgg g^fct gS 
the circuit board, a first electrode formed above the circuit board, and 
an electro-optical element formed above the first electrode. . 

A second electro-optical device of the present invent idn^cwgfe^tf^ 
an electro-optical element and a semiconductor device described above. 
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The electro-optical element and the .-semiconductor device are used as at 
least one electronic circuit \s el ep^a from, the group consisting of shift 
registers, level shifters, buffer circuits, and analog switches. 

In the electro-optical devices forg-anic electroluminescence element 
lIllUU 1 upLiuuuL may be used as the electro-optical element. 

In an electronic apparatus of the present invention, an electro- 
optical device described above is used as a display. 

^ — _ — _____ ^^n^A/Ku^ c»P$. 

(Brief Description of the Drawing s^ y^ 

i to- \M tr*+ 

Fig . 1 i^s a plan view, a sectional view taken along a >u£ parallel 

to a current flow, and a sectional view taken along a franc perpendicular 
to the current flow, of a conventional polycrystalline silicon thin-film 



transistor, j^N-J-C^ 

9 ^ H 



0-V 

Fig". 2 >c (k firm *i ng showi^fe a manufacturing process of a 



conventional polycrystalline silicon thin-film transistor * 

Fig. 3 a)^ distribution charts, by device simulation, of the 
electric field strength and the carrier concentration of a conventional 
polycrystalline silicon thin-film transistor^* 

Fig. 4 ^ a plan view, a sectional view taken along a parallel 
to a current flow, and a sectional view taken along a Uaa perpendicular 
to the current flow, of a polycrystalline silicon thin-film transistor 
according to a first embodiment of the present invention! 

Fig. 5 ^^distribution charts, by device simulation, of the 
electric field strength and the carrier concentration of the 
polycrystalline silicon thin-film transistor according to the first 
embodiment of the present invention^ 



Fig\ 6 "i^s a plan view, a sectional view taken along a ii^e parallel 
to a current flow, and a sectional view taken along a i ine perpendicular 
to the current flow, of a polycrystalline silicon thin-film transistor 
according to a second embodiment of the present invention^ 

Fig. 7 is a plan view of a polycrystalline silicon thin-film 
transistor according to a third embodiment of the present invention^* 

Fig. 8 is a sectional view of a polycrystalline silicon thin-film 
transistor according to the third embodiment of ,tjie present invention^* 

Fig. 9 sUaoj/s' a cross-sectional (feniiub ^ti. of^an electro-optical 



device according to the present invention^ 
Fig. 10 Cs hows a planar structure of 1 



anar structure of the electro-optical device 
according to the present invention* 

Fig. 11 is a duauira j showing an example of a mobile personal 
computer containing an electro-optical device according to the present 
invention* , ^ — ^>U 

Fig. 12 is a dgauiK g showing an example of a cellular phone 
containing an electro-optical device according to the present invention^ 

Fig. 13 is a dgawirf glsh owing an example of a digital still camera 
using an electro-optical device according to the present invention £«r 
the finder/ 
[ fief erawe Muymul**] ■ 

11 active r/gion 

12 highly/doped source region 

13 highjfy-doped drain region 
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ppsrrri . pt i"on flr th'e MlbuUiitwAuX^, 

Preferred embodiments will we^c described-^ 
(First Embodiment) 



of a thin-film transistor according to a first embodiment of the present 
invention. In the thin-film transistor, a semiconductor film camp o o o cT 
of a highly-doped source region 12, a highly-doped drain region 13, and 
an active region 11 is formed of polycrystalline silicon. The thin-film 
transistor, basically, has the same structure as the conventional, 
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typical thin-film transistor shown in Fig. 1. However, as shown in 
4/ a gate electrode 21 is disposed so as not to cover ends of the 
semiconductor film Jumpujw i of the highly-doped source region 12, the 
highly-doped drain region 13, and the active region 11. Also, a sub 
gate electrode 2>~~^>nnected with the gate electrode 2J^^ formed so as 
to extend past ends 41 of the semiconductor film. 

The distributions of the electric field strength and the carrier 
concentration of the thin-film transistor according to this embodiment 
were analyzed by device simulation, and the results are shown in Fig. 5 
This device simulation was performed only for the gate electrode 21, 
which directly affects the electric field of the semiconductor film, but 
not for the sub gate electrode 22, using the same parameters as in the 
above-described device simulation of the conventional thin-film 
transistor. The results of the device simulation of the conventional 
thin-film transistor, as shown in FQ-G^r 3f show that the electric field 
strength and the carrier concentration at an end of the thin-film 
transistor were 6.6 x 10 3 V/cm and 1 . 6 x 10 20 cm" 3 , respectively. On the 
other hand, the results of the device simulation of the thin-film 
transistor according to this embodiment show that the electric field 
strength and the carrier concentration at an end of the thin-film 
transistor were 7.2 x 10 3 V/cm and 8.9 x 10 16 cm" 3 , respectively. Hence, 
the electric field strength and the carrier concentration decreased 
significantly. 

This suggests that the electric field strength and the carrier 
concentration at ends of the semiconductor can be reduced by disposing 
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the gate electrode 21 so as not to cover the ends 41 of the 
semiconductor film. 

The sub gate electrode 22 which extends past the semiconductor film 
c + TMBpwfe i of the highly-doped source region 12, the highly-doped drain 
region 13, and the active region 11 contributes particularly to the 
reduction of off-state current. More specifically, the sub gate 
electrode 22 prevents a leakage electric field from the vicinity thereof 
from reaching the ends of the semiconductor when the semiconductor is in 
an off s/atej sjucj/ minute leakage current often causes a problem. If 
the electric field is blocked, the potential gradient in the 
semiconductor film becomes close to zero, the carrier concentration 
decreases, the minute leakage current is reduced, and thus the off-state 
current can be reduced. 
(Second Embodiment) , v 

FL<f. 6 i i n - i rfflp-irnrl nf_ a schematic plan view and two sectional views 
of a thin-film transistor according to a second embodiment of the 
present invention. In the thin-film transistor, a semiconductor film 
onmpn sptfof^tfTe highly-doped source region 12, the highly-doped drain 
region 13, and the active region 11 has an intrinsic-semiconductor 
region 14 at ends thereof. Since the intrinsic-semiconductor region 14 
is not in the flow of current 42, deterioration in the performance of 
the device over time, which is due to a high electric field strength and 
a high carrier concentration, can be reduced even if the high electric 
field strength and the high carrier concentration occur in the 
intrinsic-semiconductor region 14. 
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(Third Embodiment) 

Fig. 7 is a schematic plan view of a thin-film transistor according 
to a third embodiment of the present^-rnvent ipft—ayd Fig. 8 is a sectional 
view of the thin-film transis-tor jiri the direction perpendicular to the 
current flow. A sectional viewan the^da^rection parallel to current 
flow is substantially the same ai^sho>tff in Fig. 6(b) and is thus 
omitted. The semiconductor film of the thin-film transistor shown in 
Fig. 7 is separated into a plurality of portions by a plurality of 
intrinsic-semiconductor region's 14 fdispos-<^a in parallel with a current 
42 flowing between the source and the drain. This structure is suitable 
to reduce degradation over time /caused due. to r a high electric field 
strength and a high carrier concentration which occur at the end potions 
of the semiconductor film, thus releasing heat generated while the 
current flows. In addition, since the intrinsic-semiconductor region 14 
is formed simply by doping a desired position or area with dopant, it 
does not require any additional spajw^and thus advantageously leads to a 
high-density arrangement of thin-film transistors. By using the thin- 
film transistor having this structure as a semiconductor device 
incorporated into circuits which serve as an essential component of 
various electrical products, such as liquid crystal panels, 
electroluminescent panels, and sensors, degradation of these circuits 
over time can be reduced. The circuits include, for example, transfer 
gates, inverters, clocked inverters, logic gates (NAND, NOR, and the 
like), shift registers, level shifters, buffer circuits, differential 
amplifiers, current mirror operational amplifiers, DA converters, AD 
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converters, DRAMs , SRAMs, arithmetic circuit adders, microcomputers, 
DSPs, analog switches, and CPUs. 

In this embodiment, the gate electrode 21 extends so as to cross 
the direction in which the current flows and to cover the ends of the 
semiconductor film, as shown Fig. 8. The gate electrode may be formed 
so as not to cover the outermost ends of the semiconductor film, and a 
sub gate electrode is formed to cover the ends of the semiconductor film 



instead of the— gate electrode. *a V ^ 

Fig : v 9 /shows an organic electroluminescence device as an example of 



an electro-optical device of the present invention, in which an organic 
electroluminescence element is used as an electro-optical element. 
Thin-film transistors^T^nc|^)are formed on an insulating substrate 
/ay A source or drain electrode 7^*-disposed on a first interlayer 

S K Jf 

insulating film/76 .which is connected to one thin-film transistor P5/ 
but not to the other thin-film transistor j^Z", is connected to a pixel 
electrode 79 via a contact hole formed in a second interlayer insulating 
film ^78^ If the pixel electrode 79 is an anode formed of ITO or the 
like, it is preferable to provide a hole-injection layer 83 serving as a 
charge-injection layer on the pixel electrode 79, as described in this 
embodiment. The hole-injection layer 83 is provided with a luminescent 




layer 84 thereon. A cathode 85 is formed on the luminescent layer 84, 
and further, a sealant fS6 Jc&l preventijfe water and oxygen from entering 
the cathode 85 and the luminescent layer 84 is disposed on the cathode 
85. An adhesion layer^l^and an inter- layer^82^are provided at both 
sides of the luminescent layer 84 and the hole-injection layer 83. 



- 15 - 

If the hole-injection layer 83 and the luminescent layer 84 are 
formed by a liquid phase proces^uch as an ink- jet method or a micro 
spotting method, gaaattg fate gndttgsion layer 81 lyophilic characteristics 
against the liquid used for the formation of the luminescent layer 84 
and the hole-injection layer 83 different from those of the inter-layer 
82 facilitates the formation of the hole-injection layer 83 and 
luminescent layer 84 so as to be selectively disposed in desired 
positions . , ^ V 

Fig. lOf shows an example of an active matrix display using organic 
electroluminescence elements c«irtpr±T«n«f the semiconductor devices 
according to the present invention. The semiconductor devices serve to 
drive the electro-optical elements such as luminescent elements. j£ 
rofororKJe rfumeifal 000 in Lliij Urawiuy iipiunrLj Lhi display^ ^VG, 

As shown in the circuit diagram in Fig. 10, the display 200 
i?nmpriiffi n?> a plurality of scanning lines 131, a plurality of signal lines 
132 extending in the direction crossing the scanning lines 131, and a 
plurality of common power feeding lines 133 extending parallel to the 
signal lines 132 disposed on the board. Intersecting points of the 
scanning lines 131 and the signal lines 132 define pixels (pixel areas) 
1A. 

A data driving circuit 103 is provided for the signal lines 132. 
On the other hand, a scanning driving circuit 104 is provided for the 
scanning lines 131. Each pixel area 1A has a first thin-film transistor 
142 in which scanning signals are applied to the gate electrode thereof- 
via a corresponding scanning line 131; a hold capacitor' cap f-of holdv^rt? 



a data signal transmitted from a corresponding signal line 132 via the 
first thin-film transistor 142; a second thin-film transistor 143 in 
which the data signal held by the hold capacitor cap is transmitted to 
the gate electrode thereof; a pixel electrode 141 into which driving 
current flows when it is connected to a corresponding common power 
feeding line 133 via the second thin-film transistor 143; and a 
luminescent element 140 disposed between the pixel electrode 141 and an 
opposing electrode 154 . 

In this structure, when the scanning line 131 is driven to switch 
the first thin-film transistor 142 on, the hold capacitor cap holds the 
potential of the signal line 132 at that moment. It is determined 
whether the second thin-film transistor 143 conducts according to the 
state of the hold capacitor cap. Current flows from the common power 
feeding line 133 to the pixel electrode 141 via the channel of the 
second thin-film transistor 143, and further to the opposing electrode 
154 via the luminescent element 140. Thus, the luminescent element 14 0 
emits light according to the amount of current flowing therethrough. 

The semiconductor device according to the present invention can be 
used as the thin-film transistors 143 and 142. Also, the semiconductor 
device according to the present invention can be used as a component 
element of, for example, shift registers, level shifters, video lines, 
and switches, which are included in the data driving circuit 103 and the 
scanning driving circuit 104 . In particular, the semiconductor device 
a ampgLj a plurality of intrinsic-semiconductor regions, as shown in 



Fig. 9, is suitable for shift registers and level shifters in which a 
large amount of current may flow. — , 

Next, some examples of electronic apparatuses q o mp g i a^ nq^ JtY^^ 
electro-optical device illustrated above will now be described. Fig. 11 
is an oblique perspective view showing the structure of a mobile 

. R5.1t. 

personal computer using the above electro-optical device. In thi"5 

a personal computer 11013 c omp r a, i<? f j^bgdy 1104 including a 
keyboard 1102 and a display unit 1106. The display unit 1M)6 c^mpri afe&„ 
the electro-optical device 100 described above. 

Fig. 12 is an oblique perspective view of a cellular phone using 

t hiio ^ga^Trng ^. ^ 



the electro-optical device 100 for a display thereof. 

r>vJU^ ; ^ 

the cellular phone 120 ^ cuiupi »e b a^p^urality of operation buttons 1202, 



an earpiece 1204, a mouthpiece 1206, and the above electro-optical 
device 100. v 

Fig. 13 is an oblique perspective view showing the structure of a 
digital still camera using the above electro-optical device 100 for a 

.a dga s fin chfc tke c 



finder thereof. (In t 4 aia id^aMin g^ tke connection with external equipment 



is also schematically shown. While film is exposed to optical images of 
objects in conventional cameras, in the digital still camera 1300, an 
imaging elemen^uch as a CCD (charge coupled device) converts optical 
images of objects into electricity to generate imaging signals. The 
electro-optical device 100 is provided on the back of a case 1302 of the 
digital still camera 1300 to display images according to the imaging 
signals from the CCD. Thus, the electro-optical device 100 serves as a 
finder f^^^d^spla^y^^ob j ects . Also, an optical receiver unit 1304 
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including a lens and the CCD is provided on the observing side of the 
case 1302 (back jsrf thn-rirrvinfuj) . 



When a camera operator presses a shutter button 1306 after 
observing an object image displayed in the electro-optical device 100, 
the imaging signal from the CCD at that moment is transmitted t^and 
stored i^a circuit board 1308. Also, the digital still camera 1300 has 



a video-signal output terminal 1312 and an input-output terminal 1314 
for data transmission on a side of the case 1302. If necessary, the 
video-signal output terminal 1312 is connected to a television monitor 
14 30 and the data transmission input-output terminal 1314 -is^connected 
to a personal computer 144 0, as shown jjar^t ho rigQwirfrjr - In addition, a 




certain operation allows the imaging signaSr-. s fc -gggriTih the memory storage 
of the circuit board 1308 to be output to the television monitor 1430 
and the personal computer 1440. 

Besides the personal computer shown in Fig. 11, the cellular phone 
shown in Fig. 12, and the digital still camexashown in Fig. 13, 




exemplary electronic apparatuses using the -electro 3 pptical device 100 of 
the present invention inciudelTV sets, viewf inder-^type and monitor- 



direct-view-type video tape recorders, car navigation systems, pagers, 
electronic notebooks, calculators, word processors, workstations, video 
phones, POS terminals, and apparatuses having touch panels. The 
electro-optical device 100, of course, can be used as the displays of 
these electronic apparatuses. 

While the embodiments described above relate to polycrystalline 
silicon thin-film transistors, the technical concept of the present 



invention is effective in other semiconductor devicessuch as, mono- 
crystalline silicon thin-film transistors, amorphous silicon thin-film 
transistors, and other thin-film transistors. 
(Advantages ) 

The semiconductor device according to the present invention can be 
incorporated into various circuits. The circuits include, for example, 
transfer gates, inverters, clocked inverters, logic gates (NAND, NOR, 
and the like) , shift registers, level shifters, buffer circuits, 
differential amplifiers, current mirror operational amplifiers, DA 
converters, AD converters, DRAMs, SRAMs, arithmetic circuit adders, 
microcomputers, DSPs, analog switches, and CPUs. By incorporating the 
semiconductor device according to the present invention into these 
circuits serving as essential components of various electronic products, 
such as liquid crystal panels, electroluminescence panels, and sensors, 
degradation of these circuits over time can be reduced. 



